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ELECTRICAL DOUBLE LAYER CAPACITOR 
[Denki niyu-so kondensa] 

Inventors: Masaki Shoji and 

Tetsuya Danno 

Applicant: Mitsui Petrochemical Industry Co. 5 

Ltd. 

[Attached amendments are incorporated into the text of the translation.] 

Claim 

1 . An electrical double layer capacitor characterized in that a porous carbon material 
having a bulk density of 0.05-0.7 g/cm 3 , carbon content of 85-95 wt% ? and a specific surface area 
of 500 m 2 /g or greater obtained by carbonizing and activating a phenol resin foam is utilized for 
polarizing electrodes. 

Detailed explanations of the invention 
Industrial application field 

The present invention pertains to an electrical double layer capacitor. More specifically, it 
pertains to a type which utilizes carbon type polarizing electrodes. 
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Prior art 

In recent years, an electrical double layer capacitor with a long service span and 
high-speed charging capability has been used as a backup power supply for electronic equipment. 
As an example of this type, a capacitor utilizing polarizing electrodes created by metal electrodes 
are formed over a surface made of activated carbon fibers or activated carbon powders in place of 
conventional elemental metal electrodes; for example, those published in Japanese Kokai Patent 
Application No. Sho 61 [1986]-203614, Japanese Kokai Patent Application No. Sho 
61[1986]-203615, Japanese Kokai Patent Application No. Sho 61[1986]-203616, and Japanese 
Kokai Patent Application No. Sho 61[1986]-203617 may be mentioned. 

Of these, as shown in Figure 3, in the one described in Japanese Kokai Patent Application 
No. Sho 61 [1986J-203614, positive side polarizing electrode 21 made of carbon fibers is 
provided inside case 20, and negative side polarizing electrode 23 is placed close to said positive 
side polarizing electrode 21 via separator 22. Then, an intervening conductive electrode 
(collector) 24 is inserted at each respective part where aforementioned positive side polarizing 
electrode 21 and negative side polarizing electrode 23 come into contact with case 20. 

Problems to be solved by the invention 

An electrical double layer capacitor of this type needs to have a high bulk specific gravity, 
a large specific surface area, little electrical resistance, electrochemical inactivity, and low cost in 
terms of the physical characteristics of the respective polarizing electrodes. 

In the past, to meet such requirements, activated carbon powders obtained by carbonizing 
and activating natural coconut shells were put together using a binder and used for the polarizing 
electrodes, or a phenol resin type activated carbon fiber cloth was used to this end. 

However, processed natural materials contain many impurities, and expected 
characteristics are unlikely to be maintained by means of electrochemical activation. In addition, 
because [the electrodes] are created by means of compression molding with the addition of a 
binder, the production process becomes complicated, and the cost increases. 

On the other hand, while the product made of the phenol resin type activated carbon fiber 
cloth is more uniform in terms of quality than one using a natural material, because it is fiber- 
like, it has a low bulk specific gravity (approximately 0.1-0.3 g/cm 3 ), so that not much charging 
capacity can be realized for its size. In addition, because it is fiber-like, it is difficult to make it 
thick, resulting in a problem that the charging capacity is restricted. 

Moreover, a thermally sprayed aluminum layer is formed on the fiber surface to serve as a 
conductive electrode, and its adhesion of the electrode is insufficient, a factor responsible for an 
increase in the internal resistance. 
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Furthermore, because the resin must be made into fibers, many production steps are 
required, and the cost increases. 

The present invention was made in light of the aforementioned points, and its technical 
objective is to present an easy-to-produce electrical double layer capacitor with excellent 
characteristics. 

Means to solve the problems 

In order to solve the aforementioned problems, the present invention has the following 
configuration. 

That is, a porous carbon material having a bulk density of 0.05-0.7 g/cm 3 , carbon content 
of 85-95 wt%, and a specific surface area of 500 m 2 /g or greater obtained by carbonizing and 
activating a phenol resin foam is utilized for polarizing electrodes. 

A specific example configuration of the present invention will be explained below. 

{Phenol resin foam} 

Here, the phenol resin foam is obtained by foaming a phenol resin and curing it. A resol 
type phenol resin is used as a phenol resin of said type. 

The resol type phenol resin is obtained by having a phenol and an aldehyde react with 
each other in the presence of an alkaline catalyst in accordance with a known method. More 
specifically, phenol, cresol, xylenol, or resorcin, for example, is used for the phenol. More 
specifically, formaldehyde, acetaldehyde, or furfural, for example, is used for the aldehyde. 

More specifically, KOH, NaOH, NH3, NF4OH, ethanolamine, or ethylenediamine, for 
example, is used for the alkaline catalyst. 

A known decomposition type foaming agent or an evaporation type foaming [agent] of 
various types can be used as a foaming agent for foaming the resol type phenol resin. Of these, an 
evaporation type foaming agent is preferable. More specifically, paraffin type hydrocarbons, 
alcohols, ethers, and halogenated hydrocarbons are most desirable. 

More specifically, chloroform, carbon tetrachloride, trichloromonofluoromethane (flon 
gas Rl 1), dichloromonofluoromethane (flon gas R21), tetrachlorodifluoroethane (flon gas Rl 12), 
trichlorotrifluoromethane (flon gas Rl 13), dichlorotetrafluoroethane (flon gas Rl 14), or 
dibromotrifluoroethane (flon gas Rl 14B2), for example, is used for the halogenated hydrocarbon. 
Of these, one with a boiling point at ordinary temperature or a little higher, such as flon gas 
Rl 14B2, is particularly preferred. 

A curing agent is used together with the foaming agent when forming and curing the resol 
type phenol resin, and a selection is made among conventional curing agents of various types for 
such curing agent according to the type of prepolymer. More specifically, an acid, such as 
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hydrochloric sulfated phosphatic phenol sulfonic acid, is used. The aforementioned phenol resin 
foam can be obtained by mixing and kneading a foaming agent together with a foam regulating 
agent and a curing agent, as needed, at once or one by one with a resol type phenol resin, 
supplying the resulting cream-like substance into a heat-insulated mold or onto a dual-belt 
conveyer to form and cure it, and cutting it as needed. 

{Carbonizing method} 

The resulting molded body of the phenol resin type foam is annealed directly, or after it is 
cut into a plate, under a nonoxidizing atmosphere for carbonization. 

That is, it is annealed under reduced pressure, or in an Ar gas, He gas, N2 gas, a halogen 
gas, ammonia gas, hydrogen gas, or carbon monoxide, preferably at 500-1 ,200°C, or more 
desirably, at 700-900°C. The foam is carbonized in said manner in order to obtain the porous 
carbon material. Although the rate of increase in the annealing temperature is not subject to any 
particular restriction, in general, it is desirable to increase it gradually near 200-600°C where the 
resin begins cracking. 

{Activation method} 

In the present invention, activation treatment is applied to the carbonized foam obtained 
using the aforementioned method in an oxidizing gas at 800-1 ,200°C. The oxidizing gas 
mentioned in the present invention refers to an oxygen-containing gas, for example, water vapor, 
carbon dioxide, air, or oxygen. Usually, it is used as a gas mixed with an inert gas, such as a 
combustion gas or a N2 gas, in order to make its handling easy. The activation treatment is 
achieved by exposing the carbonized foam to said gas at a temperature of 800-1 ,200°C. Although 
the length of time for the exposure is decided based on the density of the oxidizing gas and the 
treatment temperature, as an estimate, it needs to fall in a range so as not to destroy the shape of 
the carbonized foam. If the treatment temperature is lower than 800°C, a longer time is required 
for activation, making practical industrial application difficult. 

Although the aforementioned treatment time is decided based on the mixing ratios of the 
inert gas and the oxidizing gas, it is desirable if it falls in a range so as not to destroy the shape of 
the carbonized foam. 

{Characteristic of the porous carbon material of the present invention} 

The porous carbon material of the present invention is set at a bulk density of 
0.05-0.6 g/cm 3 ; more preferably, 0.05-0.7 g/cm 3 ; preferably, 0.1-0.4 g/cm 3 . A porous carbon 
material having a bulk density in said range is so strong that it is unlikely to be broken into 
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powdery material. What is more, because it has a large specific surface area, and it is free from 
cracks during the activation treatment, a high-quality product can be obtained. 

In addition, the specific surface area of the porous carbon material of the present 
invention is 500 m /g or greater. 

In addition, the porous carbon material has a carbon content of 85-95 wt%. 

The porous carbon material of the present invention has a uniform continuous-bubble 
structure without any isolated bubbles, so that it is easy for an electrolyte to penetrate. Also, 
because its skeleton is continuous, it has low electrical resistance. 

In addition, the porous carbon material of the present invention can be made into a large 
block. Said block is cut or punched into a desired thickness and shape in order to create the 
polarizing electrodes of the electrical double layer capacitor. In this respect, it is advantageous 
over the case involving the phenol resin type activated carbon fiber cloth. In other words, when 
an activated carbon fiber cloth is used, the cloth has to be bonded into layers in order to adjust 
the thickness. Accordingly, the uniformity of polarizing electrodes is diminished, and high 
resistance is created due to the layering. On the other hand, because the porous carbon material of 
the present invention can be cut from a block, said problem will not occur. Therefore, a 
high-capacity capacitor with thick polarizing electrodes can be produced easily. 

{Production of the electrical double layer capacitor} 

When creating an electrical double layer capacitor of the kind shown in Figure 1, for 
example, using polarizing electrodes made of the aforementioned porous carbon material, the 
porous carbon material block obtained in the aforementioned manner is first cut to a prescribed 
thickness, and an aluminum collector layer 2 is formed on one of the sides thereof by means of 
plasma thermal spraying. It was found that plasma thermal spraying to porous carbon material 1 
of the present invention was easily done, and that it adhered firmly. Then, the result is cut into a 
prescribed shape and soaked with an electrolyte, a pair of polarizing electrodes 1 are placed to 
face each other with separator 5 between them while aluminum collector layers 2 formed by 
plasma thermal spraying face outward; said layers are further covered by electrode side case 3a 
on one side and electrode side case 3b on the other side, and both cases 3a and 3b are tightened 
together via packing 4 made of an insulating material in order to form a housing. An E-type 
electrical double layer capacitor is produced in said manner. 

In the aforementioned production process, the collector and the case do not need to be 
electric-welded unlike in the prior art. The reason is that the porous carbon material of the 
present invention is strong and unlikely to be deformed, so that good adhesion can be kept 
between the case and the collector. Therefore, the capacitor production process can be shortened, 
and the cost can be reduced. 
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Application example 

After 100 weight parts of resol, 10 weight parts of paratoluene sulfonic acid as a curing 
agent, and 4 weight parts of flon gas (Freon 1 1) as a foaming agent were well mixed using a 
high-speed mixer, the mixture was flowed into a wooden mold, and a lid was placed on top of 
said mold, [the mixture] was left in an air oven for 30 min in order to obtain a 30 cm W x 30 cm 
H x 3 cm D plate-like phenol resin foam having a bulk density of 0.1 g/cm 3 . 

In addition, a plate-like phenol resin foam having a bulk density of 0.2 g/cm 3 and a 
plate-like phenol resin foam having a bulk density of 0.4 g/cm 3 were obtained using 2 weight 
parts of flon gas and 1 weight part of flon gas, respectively. 

Said molded plates were placed in a muffle furnace and heated to a temperature of 800°C 
at a temperature increase rate of 6°C/h in a nitrogen atmosphere. After said temperature was 
maintained for 1 h, [the furnace] was cooled in order obtain 25 cm W x 25 cm H x 2.6 cm thick 
plate-like porous carbon materials having densities of 0.1 g/cm ,0.19 g/cm , and 0.39 g/cm , 
respectively (In the table below, the digit to the right of the second decimal place were rounded 
up). 

Furthermore, said plate-like porous carbon materials were heated to 1,000°C and kept in a 
mixed gas of a combustion gas and water vapor for 10 h before they were cooled. 

Densities, strengths, and specific surface areas of the obtained porous carbon materials 
were checked. The results are shown in Table 1 . 

Table 1 
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2 Compression strength 

3 Specific surface area 
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Next, [each] said porous carbon material was cut to a thickness of 1 mm, formed with an 
aluminum collector layer on one side by means of plasma thermal spraying, and punched into a 
prescribed shape. The diameter was 10 mm. Then, this was soaked with an electrolyte (a 
propylene carbonate solution of tetraether ammonium tetrafluoroborate having a concentration of 
1 M (mol)), the pair of polarizing electrodes were placed to face each other with a separator 
between them while aluminum collector layers formed by the plasma thermal spray faced 
outward, they were further covered by a stainless steel electrode side case on one side and a 
stainless steel electrode side case on the other side, and both cases were tightened together via 
packing made of an insulating material in order to form a housing to obtain an E-type electrical 
double layer capacitor of the type shown in Figure 1 . The capacitance, internal resistance, 
withstand voltage, and high-temperature load service span (3.0 V, 70°C, and change in 
capacitance after 1000 h) of each capacitor obtained were measured. The results are shown in 
Table 2. 

Table 2 
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Comparative example 1 

A capacitor having a similar structure as that in Application Example 1 was created using 
polarizing electrodes made of phenol type resin activated carbon fibers, and its capacitance, 
internal resistance, withstand voltage, and high-temperature load service span (3.0 V, 70°C, and 
change in capacity after 1000 h) were measured. The results are shown in Table 3. 





Table 3 
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Key: 1 Capacitance 

2 Internal resistance 

3 Withstand voltage 

4 High-temperature load service span 

Effect of the invention 

In the present invention, because the polarizing electrodes are created using porous 
carbon material obtained by carbonizing and activating a phenol resin foam, a greater bulk 
specific gravity and thus a larger total surface area per unit volume can be realized over the case 
in which the polarizing electrodes are created using fibers, so that a compact electrical double 
layer capacitor with a large capacitance can be configured. 

In addition, because [the electrodes] are solid-state, they are subject to little electrical 
resistance. What is more, because any thickness and shape can be obtained as desired, the 
capacitance can be set more flexibly. Furthermore, because the phenol resin as a compound is 
carbonized, it has little impurity content, and it is thus electrochemically inactive. Thus, expected 
characteristics can be maintained over a long period of time. 

In addition, the production process can be simplified, and the cost can be reduced. 
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Brief description of the figures 

Figure 1 is a cross section of an electrical double layer capacitor showing an application 
example of the present invention. Figure 2 is a partial cross section thereof. Figures 3 and 4 show 
a conventional electrical double layer capacitor; wherein, Figure 3 is a cross section of the entire 
[capacitor], and Figure 4 is a partial cross section thereof. 

1 ... polarizing electrode (porous carbon material); 2 ... collector layer; 3a, 3b ... case; 4 ... 
packing; 5 ... separator; 20 ... case; 21, 23 ... polarizing electrode; 22 ... separator; and 24 ... 
conductive electrode. 




Figure 2 
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PURPOSE: To easily obtain an electric double layer capacitor having desirable 
„ . characteristics by carbonizing and .activating f oamable phenol -resin, and using - 
porous carbon in which bulk density, carbon content ratio and specific surface 
area are held at predetermined values as a polarizing electrode. 

CONSTITUTION: A foaming agent, a foam stabilizer a^curing agent are added 
to resol type phenol resin, foamed and cured to form a molding of foamed 
phenol resin. It is baked under reduced pressure or in Ar at 700*900"C, carbon- 
ized with formed material to obtain porous carbon. Then, the foamed carbide 
is exposed in mixture gas of steam, C0 2 , burning gas, N : , etc., at 800-1200'C. 
The exposing time is so set to a range as not to loss the shape of the porous 
carbon. When the bulk density of the carbon is set to 0.05-0.7, desirably 
0.1-0.49/cm 3 , it is scarcely damaged. When the specific surface area is set to 
500m 2 /g or more and the carbon content ratio is selected to 85-95%, uniform 
continuous foamed structure is obtained, and electrolyte is easily immersed 
The block of the material 1 is cut. Al electrode is flame sprayed to one side 
face, and a case 3 is caulked via a packing 4 to complete a capacitor. 
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TtttJ. fSffig*iO. 0 6-0. 7 g/ cm 3 , mm 
4ft«ftS8 S-9 5K. tt^iSfa*<5 O Om 2 /8 

EI3 3 *J?Vt £ b to. 

:ct, 7 x y-*«IK««1*ti7 x y-*(H 
B«afflB1b*tt«C2:fcJ: <3 $ £ ft, coMtt 
7x;-Ji>«Bi:LTUU l^7-*B7i;-* 

x^^((SIR112)> hUjraDl. i;7A*d 
( IQ R 1 13), y^naf h?7;^a 
x5>> (11JR1 14), i/7BtMJ7**ai 
<|QR 1 1 482) Wftiflll*«tiS. Ktccft 
4(OW, 7a^if^ R 1 1 402CD J; iftflSffltt^ 
b*ft«t O'SfK^fBfttSlljftftlirS^flD^ff 
i b < flB^<oft3. 

ft«. R*«tiliK«tttt'J>B7 
*>B»ffl«*«ffl^ftn*. ±IB©«k x > 

-;i/«B»»BI*ttl/*y-^JB7 i J -ABBtt, 

L<ttB»t£«dJiJ*U» t#«ofttof 

i;-Attm*ffl*.tf«ffl*ftfcAfflii*it>L < ti, 

m&m b t w«f -r « c t tt J; *> « s t i 
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©SSfifc. *>b < MfflUTfittftk b£«s 

^ as <t i? fflsi t -u 8 « b t $ as it * 

EP5> igUETSfettAr He N a 

-mtmmw ©ft?. »ju<«5oo-i2o 

CC, ?#ti> 70 0-9 0 0r©SKl?Slfi3tr«. 

©©, -0ftlu«JliCD»8?*<Bfl!i§#n«2OO-6 
0 0"C(tifil£*UtTli^^ti1j-5 ?5**$Fi 0 W 

* a 0.8 -p i i i» §a & t «# a }fi t* m \ t to * as \ t 
7i»T8oo-i 2 o otTiasaiafctf a. 

it. &m%. -mt&na. £^ ®m&z^5t^ 

*{f, *Kt*:tf;U Na ;tfvlS&i:©fgSSU*i: OT 
ttiiMteBO 0-12 OOX©JS&T. 

c n 6 ©# 2 k & m »Kifc«o * s ss * * z. t k i 

ifc, KS^?Li*«, ^fg#=&$A<8 5-9 5 

4fc, *#8W<D«*£*U*tt*ffl:ra<5> 1 1 b 
T£tjtTS§. £©7'n-y? *mW.(Dm.is> JB« 
(CUB* ft8^«, JTS»<$bT^ft-Bffla 
^ftfoaBttmBSB**-*. £©*> 7i 
;-*«BJRffittKB«*©*ai£tt-*CT*fijT 

**if&> >w*ttBaBLtt**fttf*t&r, z© 

*K»«Ht*ffl<tt*Utt«(OUtt*c. *&!«© 
m % £ H* 7? It 7 a -y £ *6 «J f9 tB b T lit it T» S 

* fc&c©* 3 fc#8*{feiBbfcW bfe*i^t\ 
»«tt««co«*CDBW S«a©a>^>if * 



8 la^ 2-297915 (3) 
MSifSSKJ; itft'tifhW. SSk bT li£ 

*<*kt*«. sasfaa^Boor^ia-c&st 
ffitt<tt£ar*wm*«fi< iaw*JHb 

aiaaaBtmii. ^fgtt*^kjs<ttt*^ t© 

tfmttto ntt^aa k r « s i: # a t n 3. 

{*aBfl©KS5^?L1*©f#^} 
*ftlfta>KX$7Ltttt« fSS&gAtO. 0 5-0. 
7g/cn 3 , Iff * b < iiSSKSO. 0 5-0. 6g 
/en 3 , #6 tiff* U < tiO . 1 - 0 .4 g/em*\Z 

Jft5fe*ti«. <:coBffla)tta***4-s(XX£7i 

t$t*ttK#iE<ttBbTattafc«C0B<« *»o 
ttaffi«*»*S<» b*^FljS55ffl*lT^fc«^. 
tS54U«^fcft> ffiAXa>Ba«ttSCk0< 

tlT, *aBfl©^^*?L<*©tb*iS«ei5 0 
Om 2 /g £<±?««. 

t «ig^s if, OTSBCO J: -5 KbT»fc£ig£?l 
»©7a>y 9*ffifcW *U«J»fb, *©«"ffitc:7 

*awcD-««*?L» 1 ^©r^^^awttfra-c 

»oBHKS< ZtMimiiH. *bT> BriEJB 

ffiB2*ii.fflK:0T-«a)»attaa 1 znmz 

tts *6<idn^*-^f©m@ffi^-^3 a fcilfe 
^©mSfJ-ir-^ 3 b SS!r-^3a, 3 

b mi±*aBtt» 6tt*rt-y*^y4tftUT* 

«x©aft2:a«c9«Aaar«i&Btt«(w * 

^-^i:*set©iegtt*a»tii«^TS 
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CUflS (M) 

«3 Ocn, J5#3cm, SSBSO • 1 g/cT» 3 0D<Stt 

S?2 5ca> «t2 5cnu If* 2. 6 cm, ffigO. 1 9 
g/ci» 3 <DlStt&!R£?U**fllfe. 



ft KB ¥2-297915 (4) 



$1S 



56ffi ( g /cm 3 ) 


0.1 


0.2 


0.4 




12 


35 


80 


ItSlffiiW Cn J /8) 


1200 


600 


100 



yjs'u. zoms&nftzm * cimm) una 

SiBJi 1 Oram7$ofc. CfttemiSfS (r h 9 
a t U > * - * .4 h 18 HS t mS. *< 1 M ( * * > 



9 3T' ! e»WK**7*i-'5A»*aiI*J1'«u: 

* 2-r > U 2 *!©-]/? OS SIM* -3. t > U 

* % » W <?> & 3 A* >v * > y * ft U T L «> T /\ 
SS/^U » 1 flO£*?UfcJ; 5 t£EM<Df&%- 

S, Wg&ffitru HE. S*S&(5ilft (3. O V, 

7ot;, i o o oBiraacDsaaHt) 



IS2H 



(g/cm 3 ) 


0.1 


0.2 


0.4 


Sa (F) 


2.5 


4.8 


8.4 




12 


12 


12 


HE (V) 


3.0 


3.0 


3.0 




•n 
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it mm i 

v i j - >\> m % s x s tt m ® m -c m us u fc » a «t 

■tffcSlitU *©«a, MmttL> flE* iSJSft 
iWflift (3. OV, .7 0t, 1 0 O OB#fili1£cD3 
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%3m 



Sffi <P) 


1.6 


fl8lJffiJ/t (n) 


10 


S1E (V) 


J. 0 
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» 4> JI * ^JBtf!** S 7£ T & 3 fc » SSiS^CD g * 



8 IJB ¥2-297915 (6) 

tt £ 5 KB K 1 «5 « f * * * £ i: # T 8 3 . 

ft 1 ®lt*%W<D$Zfam**t a > 
T^^Cfflrffillls ft2Bltt?<DffiftftBra6BU $ 

8 3@ii£1*CD8rEIK SS4H(igB£ttEfirtE 



« 3 0 

$ 1 0 




WEST 



2 8 M 8J 

l. Wtt<o&m 1 118 19 1$ 



2. S5!3fl<o£& 



#tf-tf58A 

##«^HtfflKn**MHTB 2*5$ 
* ft <588>=#;ff?!Mt«:*#5£&tt * 

4. ft a A 

¥103 *a<5**amB£«*3T§ 6#1 8* 
SSI 03(66916571 (ft) 

(9i io~> #m± « m 




( 1 ) 9i40ffffi 1 2 k> m 2 if i <o r&ft#*u*J * r 3 hskok 

(2) WSHSSft 1 2M* SI 1 4Sc^T^^lff 7frS iKO(m^ 
9 011%-?*^^ J *#A+*<, 




If fi ¥2-297915 (6) 
¥«2^8^ 1 oa 

#m?sir « # ft B ^ 

1. ¥ * 1 1 18 19 1$ 



2. 
3. 



#frtfc«A 

J&a*5* ftfflKftd'MHTi 2# 5 $ 
& (588)H#£ftMfc$I*Jk*6tt 
4. <t 3 A 

T103 m*ra**KJttB*«3Ti 6$ 1 8$ 
03(669)6571 («) 

(91 10) #S± & « ^ iff $ 



i 



5. «IE«>*tS& 



6. ffl£<0?9# 

( 1 ) 1 2K, » 1 «U*v*T r 

&&mm T6ooj*ri2ooj \zkx.t*>* /'•\±^' ) ' i 

~2> 




« «r ft ft 

sM;l*4MW»l 18 19 1$ 



1. 

2. fcEOfefc 

3. *f)iE* + *# 

4. it a A 

T103 3RKff**K#B#«3Tg 6#1 8$ 

03(659*6571 (ft) 

(9 i io) & m m 

5. toiEottfc 




6. ffijEaAIF 

(1) #tfIfl#<ott®*Syift^J^*-fflIE1-*o 

(2) 9MMFJMJT, &llfT<or85~95%J*r85~95 

(3) W4n#*7JC *1 9ff<& RttffeSJ * rRfiMSJ *fl 
JEt*o 

(4) 9J«#»9JC. »lff**^*2ff« T8 5-9 5 %J «: T8 

5-9 smj triEt&o 

(5) mmmm \ im. mi 7fr***i 8fr*> n&jto. 1 9 g 

lg/cm», 0. 19g/cm«, 0. 3 9 g/cm* <0«# 

&$£?L&*4M&fc (&T«*-ett**jft*2ftttna»£A 

(6) fg&Sfftl 2K, *l-3cKilv*T, 

r««j * fmm&i twit*. 

(7) 3348*1*1 2H, *1 

JtMtil PI 00J * ri OO0J tfTIE+*o 

(8) W)®G#\ ZM> T***5ff***4fffl!> mg^J * T 

o) 1 5K, t**21tb<0 r«#«J * raottj fc 

WET*. 

do) B*a*»i 6K, »8ff^> r**-a*aj * ra^-a«j 
(in mmmmi en; »Tff<o r5»-*/«p-*, j * rs-»* 

2 0-^-^> 2 1. 2 3-Mtt«ft 2 2"-b 
^v-^ 2 4 J fcfTiEr** 

(i2) Ea®^»i®tam«>x^«:iTjE^*o 
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ftfi8¥2-297915 (7) 



(1) 7 * J -JWtfMfci** 1 *^ ««**tt? 

0, #«&* f O. 0 5-0. 7g/crf, 
# 8 5-9 5 mJI%> tt^Ma^S 00 m« 



is 1 m 



2 3b J 




4 



5 



I 3a 
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